Summary. Sertoli cell-enriched preparations from testes of 20-day-old rats were cultured in a defined medium in the presence and absence of FSH or dibutyryl cyclic AMP (dcAMP). Androgen-binding activity was assayed in the culture medium, and related to testicular androgen-binding protein (ABP). The production and secretion of ABP by the Sertoli cell-enriched preparation was increased after FSH or dcAMP treatment of the primary culture. It is concluded that ABP is produced by Sertoli cells. The possibility of involvement of other cell types in the testis in ABP production is discussed.
Introduction
The initial report that testicular androgen-binding activities are decreased after hypophysectomy (Vernon et al., 1972) has been amply confirmed and extended French et al., 1974; Sanborn et al., 1974; Fritz et al., 1974) . Administration of FSH to adult hypophysectomized rats increases testicular levels of androgen-binding protein (ABP) (Vernon et al., 1973 . Similar observations have been reported for ABP levels in testes from immature hypophysectomized (Hansson et al, 1973) and adult (Sanborn et al., 1974 (Sanborn et al., ,1975 rats. Sertoli cells have been implicated as the tubular cells responding to FSH administration in vivo (Murphy, 1965; Means, 1974) and it has been shown that FSH elicits increased cyclic AMP production by isolated Sertoli cell-enriched preparations, but not by isolated Leydig or ger¬ minal cell preparations Dorrington et al., ,1975 ). It appears likely that ABP may be produced by Sertoli cells because (1) ABP levels in cryptorchid testes, which are deficient in advanced germinal cells, are within or above normal limits when expressed as androgenbinding capacity/mg protein (Vernon et al., 1973 Sanborn et al., 1974) ; (2) little or no ABP can be detected in Leydig cells Hansson et al, 1974) ; (3) ABP levels in testes from sex-reversed adult female mice (SXR mutants) are within normal limits , even though no germinal cells are present in these animals (Cattanach et al, 1971) ; and (4) preliminary observations on Sertoli cell-enriched cultures indicated ABP production which could be stimulated by addition of FSH . Additional evidence has been recently provided in reports by Tindall et al (1974) on ABP levels in tests of 'Sertoli cell only' rats, and by French et al (1974) . We now present results indicating that the addition of either FSH or cyclic AMP derivatives increases the elaboration of ABP by these Sertoli cell-enriched cultures. Some of these data have been presented elsewhere .
Cell preparation and culture techniques
Testes from ten to fifteen 20-day-old Wistar rats were used as starting material for the Sertoli cell preparations. The testes, freed of the tunica albugínea, were chopped into 0-5 mm segments and then treated with trypsin plus DNase, followed by collagenase digestion as described previously . After exposure to collagenase, the preparation was centrifuged for 2 min at 400 rev/min in an International bench model clinical centrifuge, and the pellet was resuspended in 10 ml Hanks Balanced Salt Solution (BSS) supplemented with 1 % bovine serum albumin (BSA). The centrifugation and resuspension were repeated once, and the suspension was transferred to a 50 ml round-bottomed polycarbonate centrifuge tube and allowed to stand for 5 min, after which the supernatant was removed from the settled cell aggregates. The latter were transferred with BSS-BSA (final suspension volume 10 ml) to a 25 ml graduated cylinder, into which a Dounce ball-head pestle weighing approximately 80 g was inserted. The clearance in this device was such that the pestle, allowed to fall freely through glycerol in the cylinder, descended at the rate of 1-4 mm/sec. At the starting position, the head of the pestle was just covered with the cell suspension. The pestle was dropped and slowly raised fifteen times, care being taken to introduce no air bubbles into the suspen¬ sion. The cell aggregates were washed twice by centrifugation as described above, with BSS containing no BSA, and were then collected by centrifugation. The pellet was resuspended in 10 vols Eagle's minimal essential medium (MEM) (Gibco), supplemented with antibiotics and non-essential amino acids, as in Medium A of Steinberger & Steinberger (1966) , with the exceptions that the final glutamine concentration was 4 mM, and no sodium pyruvate was present. Aliquots (0-2 ml) of the dispersed cell aggregates, which had a diameter of 100 ± 50 µ , were plated onto 30 ml Falconware culture flasks such that approximately 105 aggregates were present per flask. Supplemented MEM (5 ml) was added, and the flasks were incubated at 32°C in a water-saturated atmosphere of 95 % air and 5 % C02. The culture medium was removed after 24 hr, together with all cells not adhering to the flask, and replaced by fresh culture medium containing the components indicated in the Tables and Text-figures. Formation of ABP by cells incubated in the initially protein-free medium was measured in aliquots taken from each vessel at suitable intervals for the duration of the experiment (3-14 days). At the end of this period the cells were removed from the vessels, either mechanically or by exposure to 5 mM EDTA-0-9 % NaCl, pH 6, and disrupted by sonication. Total cell protein was determined either by the method of Lowry et al (1951) or by that of Heil & Zillig (1970) . DNA was determined fluorimetrically as described by Rissane & Robins (1958) . In a typical preparation, 2-2 g of chopped tubules were obtained from the testes of fourteen rats, and these yielded 0-55 g of packed cells at the collection step. Each flask received approximately 1 mg of cell protein.
After being cultured for various periods of time, cells from some of the flasks were removed by trypsinization as described by Dorrington et al (1975) The properties of ABP in the culture medium were investigated. The DHT binding was abolished by treatment with 100 µg protease (type IV, Sigma, from Streptomyces)/ml for 60 min at 32°C. The apparent Kd for DHT binding was estimated to be 2-3 µ by Scatchard plots of results obtained with the dextran-charcoal method described previously . When analysed by steady-state polyacrylamide gel electrophoresis , the DHT-binding protein in the culture medium had a relative mobility identical to that obtained for ABP extracted from PLATE 1 Electron micrograph of cultured Sertoli cell-enriched preparation. Cells were removed after 72 hr in culture by trypsinization, followed by treatment with soybean antitrypsin as described by Dorrington et al. (1975) . The washed pellet was fixed in 3% glutaraldehyde in 0 m Millonig phosphate buffer for 30 min at 32°C, followed by post-fixation in 2% osmium tetroxidein 0-1 M Millonig buffer at pH 7-4 for 60 min. The prepara¬ tion was dehydrated, embedded in Epon, sectioned and stained by conventional electron microscopic procedures. The photomicrograph was taken with an RCA EM, with an original magnification of x2800.
(Facing p. 20) 60-6 9-9 <0-001 122-4 14-2 <0001
Fresh medium containing 5 µg ovine NIH-FSH/ml or 01 mM-dcAMP was added to cell culture flasks after the initial culture period of 24 hr (see 'Materials and Methods'). Control flasks received medium containing no hormone. Samples were obtained after incubation for a further 72 hr. Androgen-binding activity was assayed by equilibrium dialysis against 1 nM labelled DHT, as described in the text. The numbers of flasks treated are shown in parentheses. P0 refers to the null hypothesis that the mean stimulation reported is not significant and was determined by the Aspen-Welch t test.
testis (Text- fig. 2 ). The ABP in the culture medium of control, FSH-treated and dcAMP-treated cells had identical electrophoretic mobilities in this system.
Discussion
The androgen-binding activity appearing in the medium during culture of the Sertoli cell-enriched preparations most probably represents net ABP production and release. This conclusion is justified on the basis that the DHT-binding activity in the medium was far greater than that which could be detected in the cells at the time of initiation of culture. Since little intracellular ABP could be detected after culture for various times, we infer that ABP produced by the cells is rapidly released into the medium. The possibility remains to be examined that ABP is produced from a precursor, and that the ABP activity measured does not necessarily arise de novo from new protein synthesis. In experiments reported elsewhere, the incorporation of [3H]leucine into total TCA-precipitable proteins by the Sertoli cell-enriched preparation has been observed to be increased in cells previously treated with FSH or dcAMP . This incorporation was found to be consistent with de novo protein synthesis, since it was abolished by cycloheximide. The effects of FSH and dcAMP on the incorporation of labelled amino acids into ABP by the Sertoli cell-enriched preparation are under investigation.
The cells in the preparation primarily responsible for elaborating ABP into the culture medium were probably Sertoli cells. This tentative conclusion is based on the findings that the preparations continued to respond to FSH or dcAMP with increased production of ABP during 10 days in culture, a time at which most germinal cells have degenerated and been removed from the culture flask during the changes of medium. Most of the cells remaining attached to flasks have structural properties (Tung et al, 1974 which are characteristic of Sertoli cells in vivo, as described by Flickinger (1967) , Dym (1973) , and Fawcett (1975) . The mitotic index in Sertoli cell preparations was observed to be less than 0-03 % under conditions of culture employed . Our data do not rule out the possibility that other contaminating cell types could have contributed to ABP production. It appears unlikely, however, that spermatogonia are required for ABP production by Sertoli cells, because ABP levels/mg protein in testes from adult SXR mice which lack all germinal cells , and the testicular ABP levels in irradiated rats deficient in spermatogonia Aliquots (200 µ ) were run on 5 80 mm, 7 % cylindrical polyacrylamide gels as described by Davis (1964) , except that the acrylamide solution used to make the gels contained 10% glycerol and 1 nM-[3H]DHT . Gel slices (2 mm) were incubated at room temperature with 0-1 ml 30% H202for 18hr, after which Aquasol (10 ml/slice) was added and radioactivity was determined. In order to determine the distribution of DHT-binding proteins on polyacrylamide gels, it was necessary to concentrate the pooled medium from several vessels containing the same components. As shown in Text- fig. 2 , only one discrete region was labelled, and the amount of binding in this region was increased by prior treatment of the cells with FSH or dcAMP. The coincidence of this peak with ABP in testis extracts provides additional evidence that the androgen-binding activity component released into the medium by cultured Sertoli cells is ABP.
The similar stimulation of ABP production by Sertoli cell-enriched cultures treated with FSH or cAMP and its derivatives suggests that the action of FSH on Sertoli cells may be mediated by increased cAMP production through activation of the adenylate cyclase system. The activation of adenylate cyclase of Sertoli cells by FSH Means, 1974) may therefore be an integral part of the total response of these cells to hormonal stimulation in vivo, since it has been shown that the low testicular ABP levels in hypophysectomized rats are greatly increased after administration of FSH Hansson et al, 1974 
